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1RPHQFODWXUH
&)' &RPSXWDWLRQDO)OXLG'\QDPLFV
309 3UHGLFWHG0HDQ9RWH
33' 3UHGLFWHG3HUFHQWDJH'LVVDWLVILHG
3K\VLFDO0RGHO
2.1. Room geometric model 
$FFRUGLQJ WR WKHEXLOGLQJVL]HRI WKH URRPFRPELQHGZLWK WKHDUUDQJHPHQWRI WX\HUHV LQDLUFRQGLWLRQLQJDUHD
HVWDEOLVKWKUHHGLPHQVLRQDOPRGHOWKHJHRPHWULFGLPHQVLRQVLVPîPîP7X\HUHDGRSWHGWKHDUUDQJHPHQWRIDLU
VXSSO\LQWKHXSSHUVLGHDQGDLUUHWXUQLQWKHORZHUSDUWRIWKHURRPGHOLYHU\RXWOHWDQGDLUYHQWVRQWKHHDVWZDOODOO
XVHGJULOOHGHOLYHU\RXWOHWFHQWHULVPKHLJKWIURPWKHJURXQGUHWXUQDLUFHQWHULVPKHLJKWIURPWKHJURXQG
7KHUHLVDUHFWDQJXODUFRQIHUHQFHWDEOHLQWKHPLGGOHRIWKHURRPSDUWLFLSDQWV)LJLVDVFKHPDWLFYLHZRID
SK\VLFDOPRGHOURRP

)LJGHVFULSWLRQRIWKHURRPPRGHOLQFOXGLQJZLQGRZGD\OLJKWODPSFHLOLQJUDGLDWLRQSDQHOVGHOLYHU\RXWOHWVWDIIPRGHO
UHWXUQDLULQOHWFRQIHUHQFHWDEOH
2.2. Simulation setup 
,QWHUQDOKHDWVRXUFHDUHWKHVWDIIDQGOLJKWLQJLQVLGHWKHURRP5RRPGHVLJQSDUDPHWHUVDUHDVIROORZVW ć
5+  ,QGRRU ORDG LV:IURP WKH ORDGFDOFXODWLRQˈFDSLOODU\ UDGLDWLRQ V\VWHPEHDU WKHRI WKH ORDG
GLVSODFHPHQWYHQWLODWLRQV\VWHPEHDUWKHRIWKHORDGDQGDOOZHWORDG6SHFLILFSDUDPHWHUVRIFDOFXODWLRQPRGHO
DUHVHHQLQ7DEOH
7DEOH&DOFXODWLRQPRGHOVSHFLILFSDUDPHWHUWDEOH
1DPH 6L]HP QXPEHU UHPDUNV
6WDII îî  +HDWGLVVLSDWLRQ:SVFDWWHUHGZHWDPRXQWJV
'D\OLJKWODPS îî  +HDWGLVVLSDWLRQ:ERZO
'HOLYHU\RXWOHW î  7 Υ5+ 
5HWXUQDLULQOHW î  
&HLOLQJUDGLDWLRQSDQHOV î  &RROLQJFDSDFLW\:PWHPSHUDWXUHć
1RUWKHUQH[WHULRUZLQGRZ î  ([WHUQDOWHPSHUDWXUHć
:HVWHUQH[WHULRUZLQGRZ î  ([WHUQDOWHPSHUDWXUHΥ

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 6LPXODWLRQUHVXOWVDQGDQDO\VLV
3.1. Temperature field analysis
+HUHLVPDLQO\WRDQDO\]HWKHHIIHFWRIYHUWLFDOWHPSHUDWXUHRI KXPDQDFWLYLW\DUHDWRKXPDQERG\FRPIRUW)LJ
LVWKHWHPSHUDWXUHGLVWULEXWLRQ XQGHUGLIIHUHQWDLUYHORFLW\DW WKHKXPDQDQNOHPIURPWKHJURXQG
)LJWKHWHPSHUDWXUHGLVWULEXWLRQDWPKHLJKWIURPWKHJURXQGDPVEPVFPVGPVHPV
,Q)LJWKHDYHUDJHWHPSHUDWXUHVXQGHUILYHGLIIHUHQWZRUNLQJFRQGLWLRQVZHUHćććć
DQGć UHVSHFWLYHO\7HPSHUDWXUHVDUHZLWKLQWKHDOORZDEOHUDQJHEXW WHPSHUDWXUHIOXFWXDWLRQVFDQQRWEHWRR
ODUJHFORVHWRWKHVWDII$VLVFDQEHVHHQZKHQDLUYHORFLW\ ZHUHQHDUWRaPVWHPSHUDWXUHGLVWULEXWLRQLV
XQLIRUPKRWDQGFROGLVPRGHUDWHGHJUHHRIFRPIRUWLVUHODWLYHO\KLJK
)LJ7KHWHPSHUDWXUHGLVWULEXWLRQDWPKHLJKWIURPWKHJURXQGDPVEPVFPVGPVHPV
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)LJ  VKRZV WKH WHPSHUDWXUHGLVWULEXWLRQPKLJK IURP WKHJURXQG ,Q WKH ILJXUH WKH DYHUDJH WHPSHUDWXUHVRI
HDFKZRUNLQJFRQGLWLRQVZHUHććććDQGćUHVSHFWLYHO\,WFDQEHVHHQWKDWWRRVPDOO
DLUYHORFLW\ZLOOPDNH WKH WHPSHUDWXUHKLJKHU FRQVLGHULQJ WKHXQLIRUPLW\RI WHPSHUDWXUHGLVWULEXWLRQ DLUYHORFLW\
VKRXOGEHFRQWUROOHGDWaPVRUVR1RZZHFRPSDUHYHUWLFDOWHPSHUDWXUHXQGHUGLIIHUHQWDLUYHORFLW\DVVKRZQ
LQ7DEOH
7DEOH&RPSDULVRQRIYHUWLFDOWHPSHUDWXUHLQGLIIHUHQWFDVHV
 &DVH &DVH &DVH &DVH &DVH
$LUYHORFLW\PV     
7HPSHUDWXUHGLIIHUHQFHć     

,W FDQ FOHDUO\ EH VHHQ IURP 7DEOH  ZKHQ WKH DLU YHORFLW\ LV DW PV DURXQG WKH YHUWLFDO WHPSHUDWXUH
GLVWULEXWLRQVZHUHPRVWXQLIRUPWKDWLVWKHKXPDQFRPIRUWUHDFKHGRSWLPXP
3.2. Velocity field analysis 
7KLVLVPDLQO\WRDQDO\]HWKHLPSDFWRIZLQGVSHHGLQWKHVWDIIDFWLYLW\DUHDVRQKXPDQERG\FRPIRUW'XHWRWKH
V\PPHWU\ RI WKH URRP WDNH ORQJLWXGLQDO VHFWLRQ RI LQWHUPHGLDWH SRVLWLRQ LQGRRU )LJ  LV DLU VSHHG GLVWULEXWLRQ
LQGRRUDWGLIIHUHQWDLUYHORFLW\


)LJ$LUVSHHGGLVWULEXWLRQDPVEPVFPVGPVHPV
,Q)LJLWFDQEHPRUHYLVXDOO\VHHWKHDLUIORZLQGRRUDQGVL]HRIZLQGVSHHG:KHQWKHDLUYHORFLW\LQFUHDVHV
WKHWRSRIWKHUDQJHLQFUHDVHGLQWHULRUDLUFLUFXODWLRQVSHHGHGXS2QO\LQWKHYLFLQLW\RIWKHRXWOHWKXPDQKDYHD
VWURQJ VHQVHRIKDLUZLQGVSHHG LQPRVWSHUVRQQHO DFWLYHDUHDDUHZLWKLQ WKHDOORZDEOH UDQJH7KHDYHUDJHZLQG
VSHHGIRUHDFKZRUNLQJFRQGLWLRQVZHUHVKRZQLQ7DEOH
7DEOH&RPSDULVRQRIDYHUDJHDLUVSHHGLQGLIIHUHQWFDVHV
 &DVH &DVH &DVH &DVH &DVH
$LUYHORFLW\PV     
$YHUDJHZLQGVSHHGPV     

3.3. Analysis of air age 
$JHRIDLULVWKHWLPHVWUDQGHGLQWKHURRPIRUDLUDWVRPHSRLQWUHIOHFWLQJWKHIUHVKQHVVRILQGRRUDLU,WFDQEHD
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FRPSUHKHQVLYHPHDVXUHRIWKHYHQWLODWLRQHIIHFWRIWKHURRPZKLFKLVDQLPSRUWDQWLQGLFDWRURIWKHHYDOXDWLRQIRU
LQWHULRUDLUTXDOLW\7KLVGHVLJQLQWHUFHSWFURVVVHFWLRQDODWWKHVWDIIDFWLYLW\DUHDV)LJXUHLVDLUDJHDQDO\VLVXQGHU
GLIIHUHQWDLUVSHHGV


)LJ$LUDJHDWDKHLJKWRIPDPVEPVFPVGPVHPV
$VLVVKRZQLQ)LJZKHQDLUYHORFLW\LVODUJHUWKDQPVWKHDJHRIDLULVVPDOOHUDLUFLUFXODWLRQLVIDVWHU
LQWHULRUDLUTXDOLW\FDQEHZHOOFRQWUROOHG7KHDYHUDJHDLUDJHLQ)LJXUHIRUHDFKZRUNLQJFRQGLWLRQVZHUHVKRZQ
LQ7DEOH
7DEOH&RPSDULVRQRIDLUDJHLQGLIIHUHQWFDVHV
 &DVH &DVH &DVH &DVH &DVH
$LUYHORFLW\PV     
$JHRIDLUV     
3.4. Analysis of PMV and PPD 
30933'WKHUPDOFRPIRUWPRGHO LVDPDWKHPDWLFDOPRGHORIKXPDQERG\ WKHUPRUHJXODWLRQ309 PHDQV
WKDW WKH LQGRRU WKHUPDO HQYLURQPHQW LV WKH EHVW WKHUPDO FRPIRUW VWDWXV 33' VKRXOG EH OHVV 7KH FRPSXWHG
UHVXOWVRIPKHLJKWLQWKHGRRUZHUHVKRZQLQWDEOH
7DEOH&RPSDULVRQRI309DQG33'LQGLIIHUHQWFDVHV
 &DVH &DVH &DVH &DVH &DVH
$LUYHORFLW\PV     
309     
33'     
%\FRPSDULQJWKHDYHUDJHWKHUPDOVHQVDWLRQLQGH[DQGXQVDWLVIDFWRU\UDWHVH[SHFWHGLWFDQEHREWDLQHGWKDWLWLV
PRUHFRPIRUWDEOHZKHQDLUYHORFLW\LVDWaPV
&RQFOXVLRQ
:KHQ WKH DLU YHORFLW\ LV DW PV RU OHVV SHUVRQQHO KDG QR REYLRXV KDLU IHHOLQJ WHPSHUDWXUH DQG VSHHG
GLVWULEXWHGHYHQO\EXWWKHDJHRIDLULVODUJHULQWHULRUDLUTXDOLW\FDQQRWEHJXDUDQWHHGPDNLQJVWDIIGLVVDWLVIDFWLRQ
KLJKHU:KHQWKHZLQGVSHHGH[FHHGVPVDOWKRXJKWKHWHPSHUDWXUHLVUHODWLYHO\FRPIRUWDEOHDJHRIDLULVVPDOOHU
DLUFLUFXODWLRQLVIDVWEXWWKHSHUVRQQHOZLOOIHHOGLVFRPIRUW7KHRSWLPDODLUYHORFLW\VKRXOGEHFRQWUROOHGDWa
PVZKLOHSHUVRQQHOFRPIRUWLVKLJKHVW

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